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like the pull of a stone whirled on a string. To resist such a force 
would require excessively heavy construction, and would cause 
severe vibration in the machine, in addition to the great waste 
of power in bearing friction. 

If, however, the spindle were allowed perfect freedom, the 
rotation would take place about the center of gravity of the loaded 
basket. Tn other words, the basket would automatically revolve 
about the point in respect to which the load were balanced. This 
would cause a gyrating or whipping motion of the spindle. 

This self-balancing characteristic of rotating bodies is taken 
advantage of by the builders. In practice, perfect freedom can- 
not be allowed, as it is necessary to provide restraint sufficient 
to prevent excessive gyration and to counteract certain dis- 
turbing forces which are common to high speed rotors. 

Practically all centrifugals are equipped with bearings which 
allow gyration to a greater or less degree. In  one type the 
bearing box is mounted in a rubber cushion or is controlled by 
steel springs. Another method is to mount the bearing boxes 
rigidly in the case, which is itself allowed to sway under the 
iduence of the unbalanced load, the inertia of the case being 
sufficient to permit only a slight oscillation. A third type de- 
pends upon the action of gravity to  control the motion of a sliding 
step bearing. 

MAINTENANCE 

Centrifugals should be substantially supported ; prefexably 
on a concrete foundation. The feet or base of the machine should 
have a good even bearing and the anchor bolts should be kept 
tight to prevent rocking. Poor installations are the most fre- 
quent causes of unsteady running. When machines are set on 
wooden upper floors, i t  is well to place them over or near a girder 
and to tie together the beams underneath so that the load will 
be distributed; in this way preventing the floor from yielding in 
spots and causing vibration. 

As in all high-speed machinery, lubrication is of prime impor- 
tance. For machines designed for oil lubrication, R Fairly heavy 
engine oil has been found to give the best results. For the 
thrust bearing, particularly in the large machines where the load 
supported is heavy, a thin oil will be forced from between the 
bearing surfaces. As a general rule, the heaviest engine oil 
which will not gum and clog the oil channels or ducts should be 
used. Oiling should be done regularly. A thorough inspection 
and refilling of oil cups at the beginning of each day or each shift is 
an excellent practice. 

Where there is a question of the use of centrifugals, probably 
the only satisfactory procedure is to let the centrifugal builder 
make tests of the material to be handled, from which he can pre- 
dict fairly closely what may be expected under operating condi- 
tions. 

[In this discussion, Mr. Bryson showed a large number of slides 
illustrating compensating and discharging equipment, and the 
application of the centrifugal filter in various industries.] 

Pulp or Filter Mass Filters 
By E. E. Finch 
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Pulp filters, as they are commonly called, are filters in 
which a mass of cellulose is formed in filtering layers aR the 
filtering medium. They are used for filtration purposes to 
to clarify the product, but we should not confuse the fact 
that clarification and filtration are not alw'ays the same. 

One of the first filters of this type introduced into this 
country consisted of a series of plates, vertically arranged, 
and in these plates was compressed a form of mass or pulp 
as the filtering medium. Measured from the standard of to- 
day, the filter of course was very crude and unsatisfactory. 
Rubber gaskets were used, a procedure which would not be 
tolerated a t  this time. 
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A little later on another type of German filter was imported, 
which consisted simply of a large brass or copper cylinder 
in the center of which was a perforated pipe. The mass 
was packed loosely into the cylinder around the pipe, the 
product entered a t  the side, filtered through the mass and 
escaped through the perforated center cylinder. 

The development of the large pulp filters began about 1900. 
Manufacturers were working along different lines, under 
different patents, and various types were built. It was soon 
proved, however, that the type that must be used was one 
that would permit of high pressure? but that would a t  the same 
time prevent the possibility of imperfect filtration. It was 
seen that the filter itself should be made of either copper 
and tin or of special bronze, and that the filtering material 
must, be of the highest quality and most carefully selected 
and prepared. It was found necessary that great care be 
used in the construction of the filter itself. Only the highest 
grade of pure copper could come in contact with the product 
and in most of these filters the copper was coated with a heavy 
coating of pure block tin. 

Another very important point, and one that exists a t  
this date, is the question of the filter mass or filtering 
medium. The success of any filter very largely depends 
upon the preparation and care of the filter mass. Too 
much emphasis cannot be placed upon this one point. 

In  the handling of the great variety of products, such as 
fruit juices, tonics, elixirs, perfumes, and also various food 
commodities, in which the odor or flavor may be seriously 
affected, the selection of the filtering material is of prime 
importance. Various fibrous products have been used, 
such as wood fiber, linen fiber, cotton fiber, asbestos, and 
infusorial earths. Wood fiber should never be used, be- 
cause it is coarse and flat and lacks resiliency. Linen fiber 
is not to be considered. Asbestos, if properly treated, may 
be used sparingly a t  times and has some advantages. In- 
fusorial earths may be used occasionally for certain commodli- 
ties, but there is always the danger of such materials affecting 
the flavor and aroma of the product handled. 

The best filtering medium is a pure cotton mass. It 
has great resiliency, and by the use of either short or long 
fiber, a filtering layer may be produced to suit the operating 
conditions. It may be used repeatedly without any ill 
effecta, provided it is properly washed so that the fibers are 
not balled or knotted. 

PREPARATION OF FILTER MASS 
The filter mass is first dissolved into a soft mass, without 

balls or knots, and then formed into what is commonly termed 
a filter cell. I n  
large filters a layer consists of a double cell. This cell usually 
is a layer of mass from one-fourth to two inches in thickness. 

The layer or double cell is usually formed in a hydraulic 
press, before placing in the filter, and thus can be carefully 
examined by the operator. The pressure used on the hydrau- 
lic press varies from 20 to 50 lbs., according to the product 
that is to be handled. These layers are superimposed, one 
above the other, in the filter. Between the layers is placed 
a coarse-mesh screen which acts as the inlet conductor. 
In  the interior of the layer of mass are two fine-mesh screens 
with rib centers which act as outlet conductors for the filtered 
product. If the layers are not properly formed and in the 
process of filtration considerable sediment collects on the 
filter plates, the pressure of the pump increases, and there 
is the possibility of this pressure breaking through the layer 
of pulp and into the outlet, allowing the unfiltered liquid 
to pass through. 

To overcome this, the mass around the center outlet is 
compressed to three times that of the rest of the layer, or, 
in other words, is compressed to bone hardness. The coarse- 

In small filters this is usually a single cell. 
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mesh screens, before referred to as being placed between the 
layers, have heavy bronze centers that fit into these depres- 
sions and thus, if one layer is placed above the other, it 
makes a compact, elastic filtering column. Each layer 
is a filter in itself. The product does not pass through first 
one layer and then the other. On account of these compres- 
sion centers, i t  is impossible for the cloudy liquid to break 
through, even though the pressure may reach 100lbs. This 
type of filter will block with sediment and it is impossible 
for any unfiltered liquid to pass through into the outlet. 

SIZES AND TYPES OF FILTERS 
The filters are made in various sizes and types to suit 

the requirements of the user. It is very esqential that the 
user secure from some source information as to the type 
and size of filter he should use. Often we find that the manu- 
facturer hesitates to accept the advice or the help of the 
filter manufacturer, with the result that he is never ade- 
quately equipped. Certain chemicals must not come in 
contact with bronze. Alcoholic preparations must not be 
handled on iron filters. Products containing a great deal 
of acid should be handled through filters that have been 
heavily silver plated. If' the purchaser will €rankly put 
his problem up to the manufacturer of filters, he will re- 
ceive unbiased and valuable information. 

Pulp filters to-day are a necessity for many manufacturers 
who desire to clear liquid products. The use of these filters is 
not always understood and perhaps a few illustrations may 
he of interest. At this time there is a great demand for filters 
for the clarifying of fruit juices. Manufacturers frequently 
desire to filter this juice immediately as it is pressed from the 
fruit, This, however, cannot be done. The fresh fruit con- 
tains a certain amount of pulp and glutinous matter that 
will block the filter almost immediately. The manufacturer 
is usually impatient and feels that some Gtering device 
must overcome the trouble. Frequently a great deal of 
money is spent in trying to secure such devices when they 
cannot be supplied. The trouble can be overcome by one 
of three methods: 

I-By pasteurizing or cooking the juice immediately, filtering, and then 
effecting a second pasteurization when the product in in the bottle. This 
method is not desirable, however, with many product.;, for the reason that 
the heat causes them to lose their fine flavor and aroma. 

2-A very advantageous method is to  chill the product, bring it down 
to a temperature of about 34' to  3 6 O  F ,then filter, bottle, and pasteurize. 

3-By running the product into tanks, and allowing it to stand from 4 
to 12 hre., depending on the room temperature. While the product is thus 
a t  rest, a considerable amount of precipitation occurs. Draw off and filter 
without disturbing the sediment, and immediately pasteurize in bottles. 

PRESSURE TO BE EMPLOYED 
Another feature of filtration is that with certain products 

a high pressure can be used, while with other products a very 
low pressure of only a few pounds should be utilized. Olive 
oil is ti very delicate product and must be handled carefully 
with but little pressure. 

Recently there was brought to the attention of the writer 
an interesting experiment in the filtration of glue. A chemist 
of experience, a leader in his particular field of work, had 
devoted some time to the problem of properly clarifying 
a certain type of glue. During his research work he had en- 
deavored to secure results by filtration, but had been un- 
successful. He then visited one of the large filter manufac- 
turers and conducted his experiments in their laboratories. 
He found that a t  just a certain temperature and pressure, 
excellent results could be secured. 

A few years ago it was found possible to clarify gelatin 
by means of a pulp filter. Necessarily the filters must be 
of ,large area and able to withstand the high pressure. I 
believe it safe to state that all the gelatin produced in this 
country to-day is filtered through pulp filters. 

Let me leave this one suggestion: I do not wish to appear 
as holding a brief for any filter manufacturer, but I do com- 
mend that the prospective user of a filter present his problems 
to the filter manufacturer and secure his cooperation. 

Leaf and Rotary Suction Filters 
By G. D. Dickey 
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Vacuum filtration was first successfully employed in the 
latter half of the 19th century in Belgium. An ordinary 
rotating drum with a perforated surface was covered with a 
filtering medium and hung in a container. In the interior 
of the drum, vacuum was created, and it was found that the 
liquid was readily drawn through the filtering medium, while 
the solids formed on the surface of the drum an even layer 
which could be scraped off on the opposite side, leaving the 
filtering medium relatively free. 

This trial was made on bicarbonate of soda, which is, 
of course, a very free-filtering material, and therefore the 
presence of a thin layer constantly remaining on the filter 
drum did not retard the rate of flow. The old drum type 
of apparatiis is still used on this class of work, and for many 
years no attempt was made to apply it to other substances. 

Suction filtration, like all other methods of separating 
solids from liquids, is dependent upon pressure differences. 
Offhand, therefore, it  would seem as if creating a vacuum 
should, in effect, be the same as the application of direct 
pressure. Thus the pract(ica1 limitation of 30 in. of vacuum 
would mean that the maximum results obtained by vacuum 
filtration would be equal to those of a press exerting 15 lbs. 
pressure. A careful study of the many underlying factors 
which enter into filtration shows that this does not hold true, 
principally since the formation of the cake itself plays a 
large part in the results obtained. 

The success of vacuum filtration is due to a large extent 
to the fact that  the cake built up is of uniform density and 
thickness throughout, thereby causing equal resistance to the 
flow, both of the mother liquor and of the wash water. 
This uniform cake formation is caused by the fact that  the 
vacuum is operative behind the filtering medium, is equal 
a t  all points, and cannot be increased with increasing re- 
sistance. Thus, packing of the first layer of the cake against 
the filter cloth with increasing thickness of formation is 
avoided, and as the atmospheric pressure is relatively low, 
a porous cake is formed. Microscopic examination of a 
cross-section of filter cake formed by vacuum shows almost 
perfect uniformity throughout. 

There are, of course, many kinds of material which, be- 
cause of their finely divided state or colloidal nature, will 
not form any appreciable layer under vacuum. This dis- 
cussion therefore applies only to those materials which are of 
a crystalline base, or slurries to which foreign crystalline 
material has been added as a filtering aid, and which are 
amendable to vacuum filtration. 
DETERMINING FACTORS IN SELECTING VACUUM FILTRATION 

The ability to form a cake from 0.25 to 0.5 in. or more 
in thickness, even though many hours are required, is a 
determining factor as to whether or not vacuum filtration 
can be employed, and the time required for this cake formation 
determines what type of apparatus may be used. Two 
extreme examples are: that of starch, where a cake of 2-in. 
thickness can be built up in approximately half a minute, 
and that of some ore slimes, where 8 to 10 hrs. are required 
for building a 0.5-in. cake. 

There are two other determining factors in cake formation. 
The first is the percentage of solids to liquids present, and 


